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(54) [Title of the Invention] 

MANUFACTURING APPARATUS OF INFORMATION RECORDING MEDIUM 

(57) [Abstract] 

[Object] 

To provide a manufacturing apparatus of an information recording medium, 
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which is capable of manufacturing an information recording medium with improved 

magnetic characteristics at low cost. 

[Constitution] 

A manufacturing apparatus of an information recording medium in which a 
ferromagnetic metal 9 in a crucible 8 arranged within a vacuum chamber 1 is 
melted by heating to be evaporated, and the evaporated metal is deposited on a base 
substance 2 of the information recording medium, is constituted so that an opening 
portion in a width direction of the crucible 8 corresponding to a width direction of 
the base substance 2 is divided into a plurality of openings (evaporation chamber 
17), and vapor flow of the ferromagnetic metal 9 is deposited onto the base 
substance 2 through the each opening. 
[Scope of Claims] 
[Claim 1] 

A manufacturing apparatus of an information recording medium in which a 
ferromagnetic metal in a crucible arranged within a vacuum chamber is melted by 
heating to be evaporated, and the evaporated metal is deposited on a base substance 
to form a recording layer, 

characterized by being constructed so that an opening in a width direction of the 
crucible corresponding to the width direction of the base substance is divided into a 
plurality of openings, and the vapor flow of the ferromagnetic metal is deposited 
onto the base substance through the divided openings. 
[Claim 2] 

A manufacturing apparatus of the information recording medium according 
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to Claim 1, wherein an opening portion of the crucible is divided into a plurality of 
openings by partition walls extending in a depth direction of the crucible. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a manufacturing apparatus of an information 
recording medium, for example, a magnetic tape, a magnetic card and the like, and 
particularly relates to a manufacturing apparatus of an information recording 
medium in which a ferromagnetic metal is melted by heating to be evaporated and 
the evaporated metal is deposited onto a base substrate to form a recording layer. 
[0002] 
[Prior Art] 

Generally, a magnetic layer of a metal thin-film magnetic tape such as a 
deposition tape is formed into a predetermined thickness by heating a ferromagnetic 
metal with electron beam irradiation in a crucible provided within a vacuum 
chamber, and depositing the evaporated metal vapor onto a base substance 
comprising a plastic film like polyester. 
[0003] 

A crucible having a longer width than the width of a base substance is 
employed particularly in a manufacturing apparatus for mass production, because a 
magnetic layer is formed on a broad base substance while keeping a distribution of 
the film thickness in a width direction to a minimum. Then the ferromagnetic 
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metal filling in the crucible is irradiated with the electron beam while the electron 
beam is scanned in a width direction, thereby the ferromagnetic metal is uniformly 
heated to be evaporated. 
[0004] 

[Problem to be Solved by the Invention] 

However, in the case where the width of an evaporation source is extended 
with using the broad crucible like the above, since vapor incident with a wider angle 
in a width direction is generated at each evaporation position, for example, the 
vapor from one end of the crucible does not toward just above its but also towards 
the opposite end in dependence upon the cosine law, the vapor crashes and scatters 
until it reaches the base substance. Accordingly, besides the anisotropic direction 
in the film surface of a completed magnetic film inclines from the longitudinal 
direction toward the oblique direction, the magnetic anisotropic direction in the film 
surface rises from the film surface, and the orientation of the film deteriorates, 
thereby there has been a problem that the magnetic characteristics and the 
electromagnetic conversion characteristics are deteriorated. 
[0005] 

In addition, there has also been a problem that there are distributions of a 
magnetic characteristics and an electromagnetic conversion characteristics in a film 
width direction of a magnetic tape. 
[0006] 

On the other hand, a magnetic layer such as a deposition tape is, in general, 
formed by an oblique incident vapor deposition method in order to obtain a suitable 
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record reproduction characteristics as an in-plane recording medium. In this 
oblique incident vapor deposition method, a magnetic film is deposited by only 
using a vapor component of extremely limited part of the evaporated metal. 
Consequently, there has been a large problem that deposition efficiency is reduced 
and the manufacturing cost increases. 
[0007] 

It is an object of the present invention to solve the problems about vapor 
flow scattering and deposition efficiency in the above conventional technique, and 
to provide a manufacturing apparatus of an information recording medium which is 
capable of manufacturing an information recording medium in which a magnetic 
characteristics is improved at low cost. 
[0008] 

[Means for Solving the Problems] 

In order to accomplish the above purpose, a manufacturing device of an 
information recording medium of the present invention, in which a ferromagnetic 
metal in a crucible arranged within a vacuum chamber is melted by heating to be 
evaporated, and then the evaporated metal is deposited onto a base substrate of an 
information recording medium, is characterized by being constructed so that an 
opening portion in a width direction of the crucible corresponding to the width 
direction of the base substance is divided into a plurality of openings and a vapor 
flow of the ferromagnetic metal is deposited on the base substance through the each 
opening. 
[0009] 
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In addition, the above mentioned manufacturing apparatus of the information 
recording medium is characterized in that the opening portion of the crucible is 
divided into a plurality of openings by a partition wall extending in a depth 
direction of the crucible. 
[0010] 
[Effect] 

The present invention, as described above, has a structure in which the 
opening potion in the width direction of the crucible corresponding to the width 
direction of the base substance is divided into a plurality of the openings. It is 
possible to give a directivity of the vapor flow by having the vapor flow of the 
ferromagnetic metal passed the each opening. In the magnetic layer at a position 
in either width direction formed on the broad base substance, a main shaft of an 
anisotropy direction in a film surface also uniforms in a longitudinal direction of an 
information conversion medium, the magnetic characteristics and the 
electromagnetic conversion characteristics are improved, and the information 
recording medium with uniformed characteristics in a width direction can be 
obtained, furthermore, it is possible to achieve improvement of deposition 
efficiency. 
[0011] 

[Embodiment] 

Hereinafter, an embodiment of the present invention is described with the 
figures. FIG 1 is a schematic configuration diagram showing a manufacturing 
apparatus of an information recording medium according to the embodiment. 
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[0012] 

A broad base substance 2 such as a polyester film is scanned so as to be 
rolled along a coating drum 4 out from a wind-off roll 3, and to be rolled up by a 
take-up roll 5 in a vacuum deposition chamber 1. 
[0013] 

An electron beam 7 generated from an electron gun 6 is emitted to a crucible 
8, a ferromagnetic metal 9 in the crucible 8 is melted by heating to be evaporated, 
and a magnetic layer is deposited continuously to be formed on the base substance 2 
in the range controlled by a shield 10. 
[0014] 

FIGS. 2 are configuration diagrams of the crucible 8. FIG 2(a) is a top 
view, (b) is a side cross-sectional view, (c) is a cross-sectional view along a line 
A- A 5 in (a), and (d) is a cross-sectional view along B-B' in (a). 
[0015] 

This crucible 8 comprises a multi-chamber structural portion 13 
corresponding to an upper part of the depth direction and a one-chamber structural 
portion 14 corresponding to a lower part. A ferromagnetic metal material 9 having 
a wire or a pellet shape is supplied from a material input chamber 16 provided at an 
end portion of the crucible 8, and is melted in the one-chamber structural portion 14 
corresponding to the lower part of the crucible. In this occasion, the electron beam 
7 is emitted with controlling a scanning pattern so as to emit only to a plurality of 
evaporation chambers 17 divided by partition walls 18. 
[0016] 
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Vapor generated by the irradiation with this electron beam 7 passes the 
evaporation chambers 17 of the multi-chamber structural portion 13 corresponding 
to the upper portion of the crucible 8, and enters into the surface of the base 
substance 2 within the range of the predetermined incidence angle while 
introducing a reactive gas such as oxygen gas from a gas introduction nozzle 11; 
thus a magnetic layer is formed. 
[0017] 

In view of a trajectory of the location of the electron gun and the electron 
beam 7, it is also possible to substantially lower a crucible wall 19 by forming a 
cutout portion 19a extending towards the width direction of the crucible 8 at the 
crucible wall 19 on the electron beam irradiation side, as shown in FIG 3. 
[0018] 

In a multi-chamber structural portion 13 corresponding to the upper part of 
the crucible 8, by dividing the chamber into two or more chambers, the partition 
wall 18 formed between the chambers prevents the proceeding of the width 
direction incident vapor flow which evaporates in an oblique direction, and controls 
a range of evaporation, thereby the directivity of the vapor flow is improved. 
[0019] 

Note that metal vapor whose evaporation range is controlled adheres to be 
deposited at the partition wall 18 and the upper part of a peripheral wall of the 
crucible 8. This deposited metal is melted by the electron beam 7, a reflection 
electron of the electron beam, radiation heat in the crucible or the like, and then is 
circulated inside the crucible 8 again. Consequently, vapor towards the ineffective 
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portion which has conventionally been a problem can be reduced; thereby 

deposition efficiency is improved to a large extent. 

[0020] 

The interval of the partition wall 18, that is, the number of chambers of the 
multi-chamber structural portion 13 corresponding to the upper part of the crucible 
8 and the width corresponding to the base substance conveying direction of the 
crucible 8 are preferably designed to the appropriate number of chambers in 
response to the width of the base substance. In addition, the directivity of the 
vapor flow and the circumfluent effect of an ineffective metal are improved by 
getting the depth of the multi-chamber structural portion 13 (the distance between 
the partition wall 18 and the surface of melted metal). 
[0021] 

It is preferable to form the crucible 8 used in the present invention with a 
material of great heat-resistance, for example ceramics such as an oxide, a nitride or 
a carbide of magnesium, calcium or the like. 
[0022] 

As for a ferromagnetic metal material used in the present invention, it is 
possible to give a lot of examples: a ferromagnetic metal selected from Fe, Co or 
Ni; an alloy including the above ferromagnetic metal as a main body, for example, 
Co-Ni, Co-Cr, Co-P, Co-Pt, Co-Ta, Co-Ni-Cr, Fe-Ni and Fe-Co; or a material of the 
above alloys with a very small amount of additional element. 
[0023] 

Not only a heating method by electron beam irradiation using the electron 
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gun, but also a heating method by a plasma irradiation gun, an induction heating 
method and the like can be used as a heating method for evaporating the 
ferromagnetic metal in the crucible in the present invention. 
[0024] 

Herein, in order to ascertain the effect of the present invention, a magnetic 
layer was formed as follows with using the vacuum deposition apparatus shown in 
FIG 1 and FIGS. 2, and the measurement of the magnetic characteristics and the 
calculation of the deposition efficiency were performed. 
[0025] 

A polyethylene tephthalate film with a thickness of 6 \im and a width of 500 
nm was set as a base substance to be able to be scanned. The crucible, in which a 
portion corresponding to the upper part of the crucible has been divided into five 
chambers, was filled with pure cobalt, then the vacuum deposition apparatus was 
vacuum evacuated to the degree of 1 x 10" 5 Torr or less. 
[0026] 

Subsequently, an electron beam was emitted with the predetermined 
scanning pattern and the cobalt within the crucible was heated to be melted, then a 
magnetic layer having a thickness of 150 nm was formed while oxygen gas was 
added by 1000 ml/min; thus, a magnetic tape with a length of 5000 m was made. 
[0027] 

For comparison, by using a manufacturing apparatus in which the 
multi-chamber structural portion 13 corresponding to the upper part of the crucible 
was dismounted and a crucible having a one-chamber structure corresponding to the 
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lower part of the crucible was provided, a magnetic layer was similarly formed. 
[0028] 

Seven portions in a width direction of these magnetic tapes were carved out, 
and then coercivity and a rectangularity ratio of them were measured by using a 
vibrating sample magnetometer. The results are shown in FIG. 4. In this figure, a 
reference symbol • denotes the coercivity of the magnetic recording medium 
according to the embodiment of the present invention; o, the coercivity of the 
magnetic recording medium of the comparative example; ▲, the rectangularity 
ratio of the magnetic recording medium according to the embodiment of the present 
invention; and A, the rectangularity ratio of the comparative example. 
[0029] 

It is clear in this figure that both of the coercivity and the rectangularity ratio 
of the present invention is improved in distribution of characteristics in a width 
direction, and that of the rectangularity is especially improved to a large extent. 
[0030] 

In addition, torque curves in the film surfaces at a width directional location 
of these tapes were measured, and magnetic anisotropy directions in the film 
surfaces were determined. The results are shown in FIG 5. In the case where a 
longitudinal direction of the tape is regarded to be 0 degree as shown in FIG 5, the 
obliquity angle increase up to ± 14 degree with the anisotropy direction in the film 
surface towards the both sides of the base substance in the magnetic tape of the 
comparative example as described with o, while the magnetic tape obtained in the 
present embodiments shown by • is ± 5 degree or less and variations in a width 
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direction of the base substance are extremely few. 
[0031] 

It can be understood from these results that the magnetic characteristics is 
also improved at the either location in a width direction and the distribution of 
characteristics is also improved in the magnetic tape manufactured according to this 
embodiment. 
[0032] 

Moreover, in the case where the deposition was performed by using the 
conventional crucible having one chamber structure, the deposition efficiency was 
9 %; however, in the case where the deposition was performed by the embodiment 
of the present invention, the deposition efficiency was improved up to 19 %. 
[0033] 

FIG 6 is a top view of a magnetic card as an information recording medium, 
and FIG. 7 is a cross-sectional view along a line C-C in FIG 6. 
[0034] 

As shown in FIG 6, a band-shaped recording layer 21 is implanted into a 
part of a card base material 20. The recording layer 21 comprises a magnetic layer 
22 and a base substance 23 disposed thereon as a protective layer, as shown in FIG 
7, and it is manufactured by employing the apparatus shown in FIG 1 and FIGS. 2. 
Thereafter, the recording layer 21 is implanted into the card base substance 20 so 
that the base substance 23 is in the upper side. 
[0035] 

FIG 8 shows an example in which a shape of the partition wall in the 
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crucible is changed. It is possible to increase directivity of the evaporation metal 
by providing the partition wall 18 having a tapered shape in which thickness 
increase towards the upper side. 
[0036] 

[Effect of the Invention] 

As described above, according to the present invention, the opening portion 
in a width direction of the crucible corresponding to the width direction of the base 
substance is divided into a plurality of openings and is constructed so that the vapor 
flow of the ferromagnetic metal is deposited on the base substance through the each 
opening. Accordingly, the directivity of the vapor flow of metal is improved and 
the anisotropic direction is improved at the location of an either width direction in 
the magnetic layer formed on the broad base substance. Thus, an information 
recording medium with improved magnetic characteristics can be obtained. 
Furthermore, most ineffective metal can be circulated inside the crucible; therefore, 
it is possible to greatly improve the deposition efficiency. 

[Brief Description of Drawings] 

[FIG 1] a schematic configuration diagram showing a manufacturing apparatus of 
an information recording medium according to the embodiment of the present 
invention. 

[FIGS. 2] configuration diagrams of a crucible using in the manufacturing 
apparatus. 

[FIG 3] a side view of a crucible in which the exposure angle of an electron beam is 
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considered. 

[FIG 4] a graph of characteristics showing the evaluation result of coercivity and a 
rectangularity ratio of the magnetic tapes manufactured in the embodiment and the 
comparative example of the present invention. 

[FIG 5] a graph of characteristics showing the evaluation result of an anisotropy 
direction in a film surface of the magnetic tapes manufactured with the embodiment 
and the comparative example of the present invention. 

[FIG 6] a top view showing a magnetic card as an information recording medium. 
[FIG 7] a cross-sectional view along a line C-C in FIG 6. 

[FIG 8] a cross-sectional view showing an example in which a shape of a partition 
wall in a crucible is changed. 

[Description of the References Symbols] 

1 vacuum deposition chamber, 2 base substance, 3 wind-off roll, 4 coating drum, 5 
take-up roll, 6 electron gun, 7 electron beam, 8 crucible, 13 multi-chamber 
structural portion, 17 evaporation chamber, 18 partition wall 
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